The energy demand and depletion of fossil fuels along with emerging consciousness about environmental degradation imply that the future energy supply has to come from renewable sources of energy. One of the major renewable energy sources is biomass. Pyrolysis is a rapid decomposition of organic materials in the absence of oxygen resulting in pyrolysis oil, gas, and charcoal products. High water contents and instabilities such as viscosity increase and phase separation are the main problems of pyrolysis oil as a source of useful chemicals. The pyrolysis oil is separated into the oil phase and the pyroligneous acid. The pyroligneous acid contains a lot of chemical substances, that prohibit removal to the environment as a waste due to environmental pollution. Furthermore, pyroligneous acid needs to be treated to obtain the useful chemical. In this study, catalytic reaction of the pyroligneous acid, derived from pyrolysis process of palm kernel shells, was carried out over natural iron ores catalyst at 350 °C with W/F [W: the amount of catalyst bed (g) and F: the flow rate of feed (g h
)] of 0.5 h. The analysis result showed that iron ores that treated by calcination at 285 °C had a higher ability for ketonization reaction of carboxylic acid compared to other catalysts. Even so, neither calcination up to 500 °C nor steam treatment of natural iron ores can significantly increase the activity of the catalyst for the ketonization reaction even though the BET surface area of the catalyst increased.
IntroDuctIon
Nowadays, the industrial and domestic energy needs of the society are fulfilled generally by the petroleum products. The demand for energy is increasing due to the rising growth of world population. The energy demand and depletion of fossil fuels along with emerging the awareness about environmental degradation imply that the future energy supply has to come from renewable sources of energy (Demirbas et al. 2001 ). One of the major renewable energy sources is biomass. Biomass is considered as a clean energy resource because it contains negligible amounts of nitrogen, sulfur, and ash compared to conventional fossil fuels, which results lower emissions of SO 2 , NO X , and soot than the conventional fossil fuels (Q. Zhang et al. 2006; Börjesson 1996) . In addition, CO 2 released from biomass is overcomed by plants photosynthesis (Sembiring et al. 2015) . Biomass can be used directly or indirectly by converting it into a gaseous or liquid fuel (LeValley et al. 2014) .
Biomass can be converted to various forms of energy mainly by two types of processes: thermochemical, and biochemical (Dincer 2011) . Biochemical processes decompose the biomass into biofuels by the action of the living organisms or their products. Biochemical processes produce a large amount of hydrogen in comparison with the other processes (Das et al. 2001) . However, the efficiency of the biochemical process makes them less attractive for industries (Shweta et al. 2016) .
Meanwhile, thermochemical conversion processes allowed biomass to break down into its constituents as bio-fuels, gasses, and chemicals by applying heat and pressure. Combustion, gasification, pyrolysis, and liquefaction are the four different types of thermochemical processes. Combustion can be defined as a complete oxidation of the fuel. The hot gasses coming from the combustion can be used for direct heating purposes. A solid fuel combustion process will always begin with drying and pyrolysis/gasification (Sjaak van et al. 2008) .
The gasification is a thermochemical conversion process in which biomass is heated at high temperatures and produces combustible gasses. Air, steam, or oxygen can be used as a gasification agent to increase energy value (Kalinci et al 2009) . The syngas produced is a gas mixture of carbon monoxide (CO), hydrogen (H 2 ), methane (CH 4 ), carbon dioxide (CO 2 ), and hydrocarbons. However, undesirable gasses such as hydrosulphuric (H 2 S) and hydrochloric acid (HCl), or inert gasses such as nitrogen (N 2 ), can also be present in the syngas. (Molino et al. 2016) .
Hydrothermal liquefaction can be determined as a conversion of biomass into liquid fuels by processing in a pressurized water environment to break down the solid biopolymeric structure to liquid components. Hydrothermal liquefaction was usually conducted in range temperature from 247 °C to 374 °C. This process aimed to remove oxygen in order to make the product has higher energy density than raw material (Elliott et al. 2015) .
Pyrolysis is a rapid decomposition of organic materials in the absence of oxygen which results in the production of liquid, gaseous and charcoal products. It is a promising thermal approach that can be used to convert biomass into energy in the forms of pyrolysis oil, solid charcoal, and syngas composed of H 2 , CO, CO 2 , and hydrocarbon gasses. The drastic reduction of solid residue volume is the important advantage of pyrolysis compared to other energy conversion process (Sembiring et al. 2015) . High water contents and instabilities such as viscosity increase and phase separation were the main problems of pyrolysis oil as a source of useful chemicals. Pyrolysis oil was separated into the oil phase and pyroligneous acid (Mansur et al. 2014; Bridgwater 2011) .
The oil phase product, after some treatment, can be used as a fuel blend oil. However, the pyroligneous acid contains a lot of chemical substances, which causes it cannot be discarded to the environment as a waste due to environmental pollution. Furthermore pyroligneous acid needs to be treated to obtain the useful chemical (Mansur et al. 2013 ).
There are many previous studies about the treatment of pyroligneous acid such as its antioxidant capability from the walnut shell (Wei et al. 2010) , mangrove plant (Loo et al. 2007) , and pineapple (Mathew et al. 2015) . All of the pyroligneous acids can be used as an alternative natural antioxidant. Sumanatrakul et al. (2015) reported that pyroligneous acid derived from Asper Backer bamboo was capable of being used as an alternative antifungal and coagulating agent in a rubber sheet production process. Moreover, Möbius et al. (2012) studied about the usage of supercritical water gasification (SCWG) in gasification of pyroligneous acid which consists mainly of formic acid, glycolaldehyde, glycolic acid, and phenol. Temperature, residence time, TOC-concentration of feed, and usage of potassium carbonate as the catalyst were the variable of the study. It is reported that a higher gasification efficiency was achieved at high-temperature process condition and moderate residence times using low TOC-concentration of feed with the addition of potassium carbonate as catalyst (Möbius et al. 2012 ).
There are also many previous studies about iron oxide which used as a catalyst either to decompose plastic or upgrade bio oil. Zhang et al. (2014) reported that the Fe(III)/CaO catalyst can reduce the number of oxygenated compounds in the upgrading process of biomass fast pyrolysis vapor. The catalyst has the ability to produce light phenols from heavy phenols without any methoxyl group and unsaturated C-C bonds on the side chain. Furthermore, the catalyst greatly decreased the yield of aldehydes and ketones and also completely eliminated the acids while significantly increase the yield of furans, light and aromatic hydrocarbons. It is reported that the zirconia-supporting iron oxide catalysts were capable of converting hydrocarbons contained in the product of hydrothermally liquefied sewage sludge to a mixture containing primarily acetone without any carbonaceous residue (Fumoto et al. 2006) . The process was conducted at one atmospheric pressure and superheating steam atmosphere. Our previous study reported that the utilization of ZrO 2 -FeO X catalyst in the catalytic reaction can convert hydroxyacetone and carboxylic acids (acetic and propionic acids) contained in the pyroligneous acid into aliphatic ketones (acetone and 2-butanone) via ketonization reaction (Mansur et al. 2013) .
In this study, we try to utilize natural iron ore to enhance its usability as a catalyst to replace zirconia-supporting iron oxide catalyst. Natural iron ore was treated to a potential catalyst and its activities was tested in catalytic reaction of the pyroligneous acid.
MAtErIALS AnD MEtHoDS Materials
The Palm Kernel Shells (PKS) were obtained from a palm oil mills of PTPN-IV located in Tombatu (North Sumatera-Indonesia). The shells were reduced in size using a size reducer (crusher 5HP) operating at 2800 rpm min -1 , dried in an oven at 100 °C overnight and then sieved to obtain chips between 0.84 and 4 mm in length. The cellulose, hemicellulose, lignin, ash, and moisture were analyzed using NREL methods and found to be 21.17, 16.13, 45.06, 1.87, and 15.77 wt% respectively . Moreover, the C, H, N, and O content were analyzed using CHN 628 (Leco Corporation) and found to be 48.6, 6.29, 0.48, and 44.63 wt% respectively. This carbon content value was used as the basis for calculation of the total carbon yield of products after the pyrolysis process.
thermal Gravimetric Analysis of Iron ore
Iron ore was weighed about 11-12 mg into a crucible and placed in sampling chamber. The sample was heated from 50 -600 °C with the heating rate of 10 °C min -1 in nitrogen condition. The nitrogen gas flow rate was 50 ml min -1 as the carrier gas. At 600 °C the temperature was held for 5 min (isothermic) and then the heating was continued up to 950 °C in oxygen condition under the same flow rate and heating rate with nitrogen gas. The analysis was carried out using Netzsch TG 209 F3 Tarsus.
XrD, SEM, and EDX Analysis of Iron ore
X-Ray analysis of iron ore was carried out in Research Centre for Physics, Indonesian Institute of Sciences using X-ray diffractometer, SmartLab, Rigaku. The microstructure of iron ore was analyzed by Scanning Electron Microscopy (SEM) type SU3500, Hitachi and point analysis was conducted by EDX X-max, Horiba that also located in the Research Centre of Physics.
Pretreatment of natural Iron ore for catalyst
The natural iron ores were obtained from Lampung, Indonesia and treated in order to be able to used as a catalyst, the iron ores were treated in several ways to increase surface area. The treatments of iron ores were as follows: 1. Natural iron ore was crushed using porcelain mortar crusher then sieved to obtain 300 -850 μm of grains catalyst. This catalyst was used as the base catalyst to make other treated catalysts. 2. The grains catalyst were calcined at 285 °C under heating and cooling rate of 10 °C min -1 and holding time of two hours. 3. The grains catalyst were calcined at 500 °C under heating and cooling rate of 2 °C min -1 and holding time of two hours. 4. The grains catalyst were treated by steam at 500 °C for an hour and then dried using drying oven at 120 °C overnight. 5. The grains catalyst were treated as the same as treatment no. 4, and continued by calcination at 500 °C for two hours. According to the natural iron ores treatment, there were five types of catalyst that used in this study. Simply, the catalyst and their symbols for pyroligneous acid catalytic reaction can be seen in Figure 1 .
Calcination of natural iron ores was carried out in a high-temperature furnace (Thermolyne 46200). Moreover, the steam treatment was conducted in a fixed bed stainless steel reactor. The grains catalyst were placed in the reactor and heated up to 500 °C. The dosing pump was switched on to supply water with the flows rate of 10 ml min -1 . The water flow into the reactor and gradually becomes steam as the temperature increased. After contacting with catalyst, steam was discharged from the bottom of the reactor into the cold water trap. The process was maintained for an hour. A schematic diagram of the apparatus is shown in Figure 2 . 
Pyrolysis Process
The pyrolysis experiments were carried out in a fixed-bed stainless steel flow reactor. The length and inner diameter of the pyrolyzer were 59.69 cm and 2.54 cm, respectively. About 20 g of PKS chips were placed in the pyrolyzer. Nitrogen as a sweeping gas was passed through the pyrolyzer to remove air/oxygen. The nitrogen flow rate was set to 20 cm 3 min -1 . The process was maintained at temperature 550 °C for 50 min. The temperature was measured using a thermocouple located just below the bed. Three stages of the condenser (0 °C) were installed to capture the vapor/liquid product, and non-condensable gasses were trapped in the water trap before it was released to the environment. A schematic diagram of the pyrolysis apparatus is given in Figure 3 . The heat of the pyrolyzer was terminated when the desired reaction time was reached, and the system was allowed to cool to room temperature. The pyrolyzer, and all condenser, including all of the connections tubes, were carefully removed from the system and weighed. Char remained on the bed after pyrolysis. Pyrolysis oil obtained in condenser then to be united in one condenser and let settled. The 
catalytic reaction of Pyroligneous Acid
The catalytic reaction of pyroligneous acid over the iron ore catalyst was carried out in a fixed bed stainless steel flow reactor for two hours under atmospheric conditions at 350 °C. Two concentrations of pyroligneous acid: were produced, and 50% diluted in distilled water, hereafter called as 100% feed and 50% feed of pyroligneous acid respectively, were fed into the reactor as the variable process. Nitrogen gas (15 cm 3 min -1 ) used as the carrier gas. W/F [W: Amount of catalyst bed (g) and F: Flow rate of feed (g h -1 )] was 0,5 h. A schematic diagram of the apparatus for the catalytic reaction is shown in Figure 4 .
After the catalytic reaction, gas and liquid products were collected in a gas pack and a condenser (0 °C) respectively. The liquid product was analyzed by GCMS (Agilent Technologies 5977A MSD) using DB-Wax column. The calculation of product composition was based on peak area of GC-MS. The n-butanol was added to the sample as the internal standard. The calculation based on peak area of GC-MS. Area of the component was compared with the n-butanol area to calculate mol and carbon mol (C-mol) of the component based on mol and C-mol of n-butanol. C-mol of the component was divided by C-mol of pyroligneous acid and then multiplied by 100% to find C-mol% of group chemicals. C-mol of pyroligneous acid was calculated according to its carbon content of elemental analysis.
C-mol% of component in the product was subtracted by C-mol% of component in pyroligneous acid to get the changes of yield for each group of chemicals (C-mol%).
The amount of coke-like residue deposited on the catalyst was measured by an elemental analyzer (Leco CHN 682). Product yields of the catalytic reaction were calculated based on the carbon contents of feed (pyroligneous acid).
rESuLtS AnD DIScuSSIon chemical composition of Pyroligneous Acid
During pyrolysis, there are several chemical reactions occurred and produced solid, water vapor, tar, volatiles, and gaseous products (Mansur et al. 2013) . Water vapor, tar, and volatiles were condensed using three stages condensers with the same temperature of 0 °C. The uncondensable vapor and gaseous products were trapped in the water trap before released to the environment.
The pyrolysis oil was separated into the oil phase and the pyroligneous acid. The pyroligneous acid was mainly derived from pyrolysis of cellulose and hemicellu- lose in PKS (Mansur et al. 2013) . In this study, the pyroligneous acid, which was an organic-containing water solution, used as the feedstock for the catalytic reaction. Based on data from GCMS analysis, the chemical compounds in the pyroligneous acid were grouped into aliphatic ketones, cyclic ketones, furans, heterocyclic organic compounds, carboxylic acids, phenols, and benzenediols. The yields of chemical composition are shown in Table 1 . 
characterization of Iron ores catalyst
In an application of iron ores as a natural mineral product for catalyst in the catalytic reaction of the pyroligneous acid, some analysis were needed such as TGA, XRD, SEM, and EDX. Thermal Gravimetric Analysis (TGA) and Differential Thermogravimetric (DTG) curves were needed in the selection of thermal treatment of the iron ores for catalyst purpose. The TGA and DTG curves of the iron ore are shown in Figure 5 . According to Figure 5 , thermal degradation of iron ore took place within a wide range from 150 to 550 °C which consisted of two distinct decomposition regions: 150-400 °C and 400-550 °C. Around temperatures of 600-700 °C, there were peaks that correspond to change in carrier gas from nitrogen to oxygen during analysis. In decomposition region of 150-400 °C, it was predicted that moisture content of iron ores was vaporized. This prediction was confirmed by XRD analysis using two samples of iron ores that heated at 200 °C and 400 °C that represent prior to and after the decomposition region. XRD patterns of the iron ores can be seen in Figure 6 . Based on Figure 6 , XRD patterns of both of the iron ores were the same that peaks of Fe 2 O 3 and SiO 2 appeared in the same position. Therefore, by heating treatment at 200 °C and 400 °C, there were changes in crystallography of the iron ores. Referred to XRD analysis, it was found that crystal system of Fe 2 O 3 was rhombohedral and SiO 2 was hexagonal with their Moreover, the iron ores were also analyzed by SEM + EDX to show their microstructure and composition of elements and the results are shown in Figure 7 . The microstructure of the iron ores was not uniform and maximum around 20 µm. In EDX analysis, three representing spectrums were analyzed to give the atomic ratio for each element and the atomic ratios for each element were different. According to the atomic ratio, the spectrum 1 and spectrum 2 can be considered as SiO 2 and Fe 2 O 3 , respectively. On the other hands, spectrum 3 consisted of a mixture of oxides (Al 2 O 3 , SiO 2 , and Fe 2 O 3 ). Therefore, the iron ores were not only iron oxide (Fe 2 O 3 ) but also containing other oxides. Before used as a catalyst, the iron ores were treated in several ways as shown in Figure 1 . The treatments were aimed to increase the surface area of the ore prior to use as the catalyst. The catalyst was analyzed using surface area analyzer (Micromeritic tristar II) to identify BET surface area. The BET surface area of the catalyst is shown in Table 2 . According to Table 2 , iron ores after calcination at 500 °C (catalyst no. 3) had a higher BET surface area than others. It was suggested that calcination at 500 °C allowed volatile which trapped between molecules to evaporate. It caused empty pores between the iron ore's molecules lead to increase the surface area of the catalyst.
catalytic reaction of Pyroligneous Acid over natural Iron ores catalyst
Catalytic reaction of pyroligneous acid was conducted to investigate the activity of natural iron ores as the catalyst for ketonization reaction. Five types of the catalysts as listed in Figure 1 or Table 2 were used for the catalytic reaction of two concentrations of pyroligneous acid; the pyroligneous acid used as produced and 50% diluted in distilled water, hereafter called as 100% feed and 50% feed of pyroligneous acid, respectively. The yield of the catalytic reaction of 50% feed of pyroligneous acid over natural iron ores catalyst is shown in Figure 8 . Moreover, the changes of yield for each group of chemicals compared to feed are shown in Table 3 .
According to Figure 8 and Table 3 , ketonization reaction occurred over natural iron ores catalysts because the yield of aliphatic ketones increased while carboxylic acid decreased. table 3. The changes of yield for each group of chemicals over natural iron ores catalyst using 50% feed of pyroligneous acid Figure 8 . Yield of 50% w/w pyroligneous acid catalytic reaction process result As it is explained before that ketonization is a reaction of two molecules of carboxylic acids to form a molecule of aliphatic ketones and a molecule of CO 2 (Mansur et al. 2013) . The increase in yield of aliphatic ketones was higher over iron ores catalyst calcinated at 285 °C (catalyst no. 2) than other catalysts. In point of view of ketonization reaction, natural iron ores that can be used as catalyst and calcination at 285 °C was good enough for the catalyst treatment although BET surface area of catalyst calcined at 500 °C for two hours (catalyst no. 3) and steam treatment at 500 °C for 1 hour (catalyst no. 4) were higher than catalyst no 2. Catalyst no. 2 can increase the yield of aliphatic ketones as 2 C-mol% based on feed. The increasing yield was low compared to ZrO 2 -FeO x catalyst that reached about 26 C-mol%.
It was predicted that the increase of aliphatic ketones yields over catalyst no. 2 will be higher if operated in W/F of 4 as well as the ZrO 2 -FeO x catalyst. Figure 8 and Table 3 were also shown the yield of phenols and benzenediols. Some of the phenols decreased followed by increasing benzenediols. It was caused by oxidation of phenols to form benzenediols (Greenhill-hooper et al. 2008) .
Moreover, some of the phenols yields also increased that caused by the reaction of guaiacol via benzenediols (Amen-chen et al. 2001) .
The yield of the catalytic reaction of 100% feed of pyroligneous acid over natural iron ores catalyst is shown in Figure 9 and the changes of the yield that calculated based on chemicals in the feed are shown in Table 4 . According to Figure 9 and Table 4 , ketonization reaction only occurred over fresh natural iron ores catalyst (catalyst no. 1) because of the increase of aliphatic ketones and the decrease of carboxylic acids. While catalytic reactions of 100% feed of pyroligneous acid over catalyst no. 2 to 5 were shown a decrease in yield of aliphatic ketones. It was caused by the high concentration of feed and low selectivity of the catalyst for ketonization reaction. Therefore, the formation of gas as decomposition of pyroligneous acid was high at high temperature.
Over catalyst no.1 (natural iron ore) oxidation of phenols into benzenediols also occurred because of the decrease of phenol yield as well as increasing benzenediols yield. It was suggested that 100% feed of pyroligneous acid was not so suitable for investigation activity of natural iron ores catalyst in ketonization reaction.
concLuSIonS
After some treatments, iron ores can be used as a catalyst for ketonization reaction. Iron ores contain not only iron oxide (Fe 2 O 3 ) but also other oxides such as SiO 2 and Al 2 O 3 . The iron ores which calcined at 285 °C showed a higher activity than other catalysts in this study.
It can increase the yield of aliphatic ketones by about 2 C-mol% during the catalytic reaction with 50% feed of pyroligneous acid as the raw material. In this case, neither calcination up to 500 °C nor steam treatment can increase the activity of natural iron ores as the catalyst for ketonization reaction even though the BET surface area increased.
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